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SUMMARY

An investigation was made in the Clsveland Altitude wind tumnel
to dotermine the performance of an Aeroproducts H20C-162-X11M2 four-
blade propeller on & YP-47M ailrplane at high blade loadings and high
engine powers. The propeller characteristics were cbtained for a

range of power coefficients from 0,30 to 1.00 at fres-sbtream Mach
nurnbers of 0,40 and 0.50. The results of the force measurements are .
indicative only of trends in propeller efficlency with changes in i
power coefficilent and advance~diameber ratio because mmlnown inter-
forence effects existed during the investigation.

At a free-stream Mach mumbor of 0.4C, the envelope of the effi-
ciency curveg decreased about 8 percent between advance-diameter
ratios of 1.80 and 4.20. Nearly constent maximum efflciencies were
obteined at power coefficients from 0.30 to 0.60 for adveance-diametber
ratiog from 1.70 to 2.40, The advance-dlasmeter ratio for peek effi-
ciency lncreased as the power coefficient was increased. For advance-
dlameter ratios below 2,90 the propsller efficiency decreased rapldly
at power coefflicients above 0.60 apparently caused by blade stall,

In the range of edvence-diameter ratios gbove 2.90, the propeller
afficiency improved as the power cosefficlent increaged,

At a free-stream Mach nurmber of 0.50, the envelops of the effi-
ciency curves decreased szbout 11 percent between advance-diesmeter
ratiog of 2.40 and 4.40. An increese in power coefficient from 0.30
to 0.80 at an advance~dlameter ratio of 2.40 had 1little effect on the
propeller efficiency. A change in power coafficlent from 0.40 to 1.00
at an advance-dismeter ratic of 4.40 increased the propeller efficiency
by about 40 porcent.

FESIITCTED UNAVAILABLE
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For conditions below the stall the thrust losding on the cutboard
blade soctions increamed more rapidly than on the inboard sectlons es
the power coefficient was inCreaesged or as the advance-dlamcter ratio
was decroased. For conditions beyond the gtall the thrust loedling
decreaged on the cutboard sectiocns and increased on the inboard
gections.

INTRODUCTION

Propeller investlgations conducted in NACA wind tunnels at high
blade loadings (power coefficients up to 1.8) » low airspcods, low
engline powers and low propeller rotational apeeds axe roported In
rofercnces 1 to 3. Other studies made in flight at high airspoeds,
ongline powers and engine mpoeds bubt at relatively low power coeffi-~
clents (up to 0.40) are reported in references 4 to 7. Develomments
in ailrcraft power plants providing high powers at high altitudes make )
necespeary the Investligabtlon of propeller verformance at high power
coefficients, engine powers, propeller rotational speeds and relatlively
high sirspeeds.

An investigation of the performance characteristlics of several
propellers on the YP-47M alrplane at high blade loadings has been
conducted in the Cleveland altitude wind tvmnel at the reguest of the
Air Materiel Cammand, Army Ailr Forces. As part of this investigation
the efficiencies and blade thrust lcoad distributions were determined
for the Aeroproducts H20C-162-X11M2 four-blade propeller over a wide
range of operating conditions. Similar data are being obtained on
other propellers.

The range of power coefficlents covered was from 0.30 to 1.00 at
fres-sgbream Mach numbers of 0.40 and 0.50. The engine combustion alr
wag supplied to the turbosupercharger at gea-level conditions and the
propeller was operated at density altitudes from 20 000 to 45,000 feet.
Engine powers ranged from 150 to 2000 brakse horsepower and englne
gpeeds from 1100 to 2900 rpm. The blade thrust load distribution wes
obtained from two dliametrically opposed slipstream survey rakes.
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PROPELLER AND POWER PLANT

A description of the propeller

Propeller

Eklgj—.n.e e ¢ 8 ¢ & ¢ e e »

Eu-b L ] - e * L ] L ] . .
Blade design .+ « .
Humber of blades .
Blade sectlions . .
Propeller dlameter
Activity factorl . . .
Propgller gear retio .,
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War emergency power rating:
Engine speed, I « « «
Manifold pressure, in. Hg
Brake horsepowsy .+ « « «

Military power rating:
Ehgine Speed., TN o o o o
Manifold pressure, in. Hg
Brake horgepowsy <« « «

Noxrmal power rabing:

Engine speed, rpm . . .
Manifold pressure, In. Hg
Breke horsepowser . « «

. L] L - L] L] - L]

-
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and power plant is as follows:

-

s e e o v o o o ABAZF-X17
Aeroprod.ucts H20C-162-X1.1M2
- L ] L] L ] « - L] - - - - four
« ¢« « o &« NACA 16 series
e« « s « 12 Teelt 7 Inches
. 107
e e s s o s s o s « 20:9
[ [} [ [ ] - L] L) . 3-2800-73

2800
72.0
2800

2800
55. 5
2100

2600
41.5
17C0

" 8 e & a ¢ e e s =

« ® 8 e « & & 8 3 =

lrhe actitity fector is a nondimensionel function of the p::"opeller
plan form designed to express the Integrated capscity of thae
propeller blade elemenbts for absorbing power {referesnce 8) and

is expressed as

nr. - 20900 [ REOKIO)

where

b blade width at radiws
D propeller dlameter

R propeller radlus to tip

r

A photograph of an Aero_products BZOQ-lGE—XllMZ propeller blade is showm

radlus of eny blade slement

The propeller blade-form characteristics are given in figure 1.

in flgure 2.
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APPARATUS

A fuselage of a YP-47M alrplane with stub wings wes Ilnstalled
in the 20-foot-diameter test sectlon of the wind tunnel with the
thrust axis of tho airplene parallel to and about 12 Inches above
the axis of the test sectlon., The Aeroproducts H20C-1562-X11M2 pro-
peller and the R-2800-73 englne were incorporated in the eirplane as
shown in figure 3. The englne. was provided with refrigsrated com-
bustion air at sea-level pressure from an external source by a duct
passing through the left wing etub and the fuselage to the inlet of
the turbosupercharger. The ocombustion-air temperature wes maintained
at approximately 10° F '

. Pressure and temperature surveys were made at all cooling-alr
Inlets and outlebs and exhaust-gas outlets to determine the internal
momentum losses and exhaust-jet thruet. Pressures were measured by
water manometers and were photographically rccorded. The temneratures
wore recardsd by se:li‘-ba.lanclng potentiometers.

Engine horgepower wasg measured within +2 percent by a calibrated
Pratt & Whitney torquemeter and a pressure gage. Propulsive thiust
was measured and recorded by the tunnel drag balance, which moasures
tho resultant force on the airplene in the directlion of the thrust
axls,

A survey was conducted of the total pressure in the propeller
slipstream by two rakes, each consisting of 32 ghilelded total-head
tubes 2§ inches spart, one on each side of the airplane 46 Inches

behind the propelier disk as shown in flgure 4. The rakes wers
attached to the tunnel wall In the horizontal plane of the thrust
axie and extended to wilthin threo-fourths inch of the englne cowling.

PROCEDURE

The readings of temperature, pressure, horsepower, and the
resultant thrust force were obtalned for a range of power ccefficilents
from 0.30 to 1.00 at free-gtream Mach numbers of 0.40 and 0.50. Den-
gity altitudes from 20,000 to 45,000 feet were simulated for engine
powers from 150 to 2000 brake horsepower ab engine speeds from 1100
to 2900 rpm. Rung werse mede with the propeller removed at the
begimming and the end of the program for ranges of tunnel alrsgpeeds,
densaity altitudes, and cowl flap deflections.
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REDUCTIONR OF DATA

The external dreg Dy of the installation was evaluated as the

difference between the to’ca.l drag D and the internal coolling-alr
nomentum losses Dy obtained Prom’ runs with the propeller removed.
The external-drag values obtained at the end of the program were as
much as 9 percent greater than the values obtained at the begimning
of the program. The increase is abiributed to the deterioration of
the installastlon by distortion of surfaces and accumulation of dirt
on the surfaces of the alrplane. An average of the two drag coelffi-
clents wes used In calculatlion of external drag.

An ebtempt wes made to correct the ingtallatlon drag for differ-
ences In horizontal buoyancy between propeller-removed and propeller-
operating conditions by the methods glven in references 9 and 10 but
the results were too inconsistent to be reliasble and were therefore
not applied. No effort wes made to correct the installation drag
Por the efPects of the propeller slipstream, The change in freeo-
stream velocity in the plane of the propeller disk resulting from
inflovw, tunnel-wall comnstrictlion and yroxlmity of the airplane
cowling was not determined.

1n a

The propelier thrust T was determined hy

T=TP+DG+Di-TJ

where

TP propulsive thzust read on drag scale, pounds

TJ Jjet thrust of exh&xst ga.ses, ca,lcula.ted. from pressure a.nd
temperature surveys in exhaust-ges outlets, pou.nﬁ.s

The value of T a8 defined is an approximete value ‘beoa.use oorrectlons
for tunnel-waU constriction were not applied.

The thrust coefficient C.I. weg calculated from

Cp = —2
pn3D4
where
p free-stream density, slugs por cubic foot

propeller rotational speed, revolubtlions per second

propeller diameter, feet
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The power coefficient CP wag calculated from

P
pn3D5

CP=

where P 18 the englne power in foot pounds per second. The propeller
efficlency 1n was computed fram

O
n =( &)Y
\CP>
where J 18 the advance-diameter ratilo V/nD, ¥V being the tunnel
free-gtream velocity. T -

The propeller tip Mach number Mb wes calculated fram

4, = Uy 7/2 + (5)

where M, 1s the free-gtream Mach number.

Propeller efficlencles were also determined by the slipstreem
\ \survey method described in references 3 and 5 but the results were
\ tincongistent with the values obtalned from force measurements. The
surveys are of value, however, in showing the blade thrust load
distribution for variocus operating conditione. The blade thrust
loading is presented as the rlse in total-head pressurs Hg - Hg
acrogs the propeller disk where H_, is the total pressure measured
hy the slipstream survey rake and Hg; 18 the free-stream total
pressure.

The resulte of the force measurements indlcate primerily the
trend of propeller efficlency with changes i1n power coeffliclent and
and advence-diameter ratio beceuse correcltions for tunnel-wsll con-
gtriction effects on the lnstallation were not applied.

RESULTS AND DISCUSSION

The propeller characteristics for various blade loading conditions
are presented separately for free-stream Mach numbers of 0.40 and 0.50
because it is not poseible to compare the data obtained at different
free-gtream Mach numbers, Slipstream surveys are presented to illus~
trate blade thrust load distribution in terms of the total-pressure
rise across the propeller disk for certain operabing conditions.
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Free-gtream Mach nvmber, 0,40, - The variation of propeller
efficiency 1 with advence-diameter ratio J for values of power
coefficient Cp from 0.30 to 1.00 at a free-stream Mach number of
0.40 1s shown In figure 5. The variation of propsller efficiency
with power coefficient is shown in figure 6 for three approximstely
constent values of advance-diameter ratlo. .The dashed curves were
crogss~plotted from an extrapolation of figure 5,

cnE Wt T
L

The effect of increasing the powe.L coefficient from O. 30 to l OO
vas to vreduce the propeller efficiency at low advance-dismeteyr ratios
and to increage the efficiency at high advance-diameter ratios. The
envelope of the efficiency curves decressed about 8 percsut bebtween
advance-diemetor ratios of 1.80C and 4.20. In the range of advence-
dlemeter ratio from 1.70 %o 2.40, meximum efficiencies were obtained
at power coefficilents from 0.30 to 0.60., (See fig. 5.) The advance-
diamster ratlo for pesk efficiency increased with power coefficlent.
Serious losmés in propeller efficioncy became evident at values of
advance-&iameter ratios from 1.70 to 2.90 for values of power coeffi-
cients above 0.60, (See figs. 5 and 6.) These losses may be abbri-.
puted to blade stall caused by high operabting angle of atback and by
the nrobgble reduction of the maximum sectlon 1ift coefficient asso-
ciated with high operating tip Mech numbers. (See references 11 ' -
and 12.) In order to illustrate the magnitude of these losses in -
efficiency, & change in power coefficient fram (.60 to '0.70 at an
advance-~-diameter ratio of 1.75 resulted in a Z0-percent reduction in
efficiency. A further change in power coefficient from 0.70 to 0,90
reduced the efficiency an additional 20 percent. For values of oo
advance-dl=smeter ratioc ebove 2,90 the propeller efficiency increased
asg th? power coefflcient was increased fram O. 30 to 0.80 (figs. 5
ard &

The effect of power coefflicient on blade thrust load distribution
is shown by the slipatream surveys in figure 7, which correspond to
the conditions of figure 6 for an a&vance—diameter ratio of 1,75. The
blade thrust load distribubions for power coefficients from O. .30 to
0.59 were uniform and similar except that as the power coefficilent was
increased the loading on the outbosrd sections increoased nmore rapidly
than on the inbosaid mections. (See figs. 7(a) to 7(d).) Vhen the
power coeffioient was changed from 0,59 to 0.69, blads stall, indi-
cated by a reduction in total-mressure rise, occurred on the outboard
sections, which caused the loading on the inboasrd sections to increase .
(fig. 7(e)). The increased lozding on the inboard sections aprarently -
originates fram tip stall. At constant power operation, stalling of
the propeller-blade tive creates a torgue unbalance for which the
proveller ccampensates by an increasse in blade angle. The increased
blade sngle causes additional gections inboard of the tips to astall
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and the stall reglon progresses gralually inboard until a state of
torgque equilibrium is reached. Because of the blade angle increase,
the unstalled inboard sections operate at high 1ift coefficients and
congsaquently the thrust loading is high. At values of powsr coef-
ficlent of 0.78 amd 0,90 the region of stall extended inboard as far

as (rE/R)2 = 0.40 or more than 35 percent of the blade span. (See
figs, 7(f) and 7(g).)

The difference between the right-aide and left-slde surveys was
apparently due to an upward lriclination of the approaching air atream
to the propeller axis caused by the lift of the wing. The Tight, or
downgoing, blades therefore operated at higher angles of attack than
the left, or upgoing, blades and thus produced more thrust, For the
same reasons, the right blades gtalied sarlier and the losses due to
stall wore slightly greater than for the left bledes. This phencmenon
is explained In greater detail in references 6 apd 15.

The development of blade stall for power cocfilclents of 0.70
and 0,90 i1s shown in figuree 8 and 9, respectively. For a power
coefficient of 0,70 and an a&vance-d ameter ratio of 4.00, the thrust
loading over the blades was very low eapeclially at the tip sectlons
(fig. 8(g)). At a constant Cp, & reduction in J resulted in an

increage of angle of attack and sectlon 1ift coefficients;  -the thrust
loading increased steadlly up to the stall point. (See figs. 8(b)

and 8(c).) Blade stall was evident =t an advance-dismeter ratio of
1.73 end at an advance-diameter ratio of 1.58 the stall, further
aggravated by increased angle of attack and tip Mach number, extended
to sections as far inboard as (rs/:R)2 = 0.40 (fig. 8(e)). The
survey ghown in figure 8(e) illustrates, as previously discussed, that
the right-side blades stall first and the losses iIn thruet are slightly
greater than on the left-side blades. The stall dsveloped in a similar
manney for a power coefficient of 0.90 except that 1t occcurred at a
somewhat higher advance-diameter ratio owlng to the groaber required
bladse angle. The initlal stall apparently occurred at an sdvance-
diameter ratlo between 2.94 and 2,07 because &t Z.07 the gtall was in
an advanced stage. (See figs. 9(a) and 9(b)}.) A further reduction

in advence-dismeter retio resulted in stalling of all secctlons outbhoard

of (rg /R)Z = 0.40. (figs. 9(c) and 5(4)).

Free-gtresm Mach number, 0.50, - Tkhe variation of propeller effi-
ciency with advance-dismeter ratio for power coefficients from 0.30
to 1.00 at a free-~ptrean Mach number of 0.50 is pnresented in figure 10,
The vardation of propeller efficlency with power coefficient at approx-
imabely constant values of advance-diameter ratlo is shown in figure 11.
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The envelope of the efficilency curves decressed about 11 percent
between advance-diameter ratios of 2.40 and 4.40., An increase in
nower coefficient fram 0.30 to 0.80 at an advance~dlameter ratlo of
annroximetely 2.40 had little effect on the propeller efficisncy and
nearly consbant maximum efficiencies were obtained. (See fig. 10.)
£s the advance-diameter ratio was increased from 2,40 to 4.40 the
effsct of increasing the power cosfficient hecame more pronounced.

A change in power coefficient from 0.40 to 1.00 &t an advance-dismeter
ratlo of 4,40 increased the propsller efficlency by about 40 perdent.
(See figs. 10 and 11.)

The effect of power coefficient on blade thrust load distribution
is shown by the slipstresm surveys in figure 12, whick correaspond to
conflitions of figure 11 for an advance-diemeter ratio of sbout 2.80.

A change in power coefficlient from 0.30 to 0.83 resulted in a uniform
increase in thrust loading over the blade span, There were no signif-
icant irregularities in the thrust loasd distribution curves that would
indicate blade stall at any power coefficient. Similar surveys are
presented in figure 13 Tor s range of power coefficients from G.42 bo
0.83 at an advance-dlameter ratio of approximately 4.40. ALt a powsr
coefficient of 0.42 the thrust loading was very low perticularlly on
the outboard sections (fig. 13(a)). As the power coefficient was
increased to 0.93, the thrust loading on the inboard sections remained
nearly constent and the loading on the outboard sections incressed
(figs. 15(b) to 13(d)). The surveys indicate that the thrust loading
at high advance-8lamster ratios could be considerably J_n.crea.sed. before
adverse effects due to stall would be encountered,

Slipstream surveys for power coefficlents of 0.70, 0.90, and 1.00
are presented in figures 14 to 16, respectively, for a.range of
advance-diameter ratios. In general, as the advance-dismeter ratioc was
reduced at a given power coefficient the thrust loading on the oulboard
gections increased more rapldly than on the inboard sections. Within
the range of advance-diameter ratios investigated, there was no evi-
dence of blade stall for the power coefficients obtained.

& comparison of figures 14(b) and 8(b) shows that the thrust load
distribution curves are simllar for conditions run at approximately
the same power coefficlent and advance-diameter ratioc but different
tip Mach numbers. A similar camparison of figures 15(b) and S(a)
further indicates that below the stall a moderabe Increase in tip
Mach number hed little effect on blade thrust locad distribution,
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SUMMARY OF RESULTS

Corrections for the effects of tunnel-wall constriction on
propoller characteristic paramctore and on the installation have not
been applied and the propeller efficiencies therefore only serve to
show the camparatlive effects of blade loading on propeller performence,
The Investigation in the altitude wind tunnel of the performance at
high dlade loadings of an Asroproducts H20C-162-X1IM2 four-blade pro-~
peller on & YP-47M airplane indicated:

1. At a froe-ptreoam Mach number of 0.40, the envelope of the
efficiency curves decreaséd about 8 percent between advance-diameter
ratios of 1.80 and 4,20, Nearly constant maximum efficiencies were
obtained for power coefficients from 0.30 to 0,60 at advence-~
diameter ratics from 1,70 to 2,40. The advance-dlamster ratio for
peak officiency increased as the power coefficlent was inocrcased,

In the low range of edvance-dlameter ratios (1,70 to 2,90), losses in
nropeller efficlency resulting from blade stall occurred at power
coefficlents gbove 0.60; an increase in power cocefficieont from 0,60
to 0.70 reduced the efficiency as much as 20 percent. For advance-
diamoter ratios above 2.90, the propeller afficlency Increascd as the
power coefficlent wag increased Ffrom Q,30 to 0,80,

2. At a free-stream Mach number of 0,50, the envelone of. the
efficlency curves decreaged about 11 percent between advance-dlameter
retios of 2,40 and 4.40, An increase In powsr coefficient from 0,30
to 0.80 at an advance-diasmeter ratio of 2,40 has lilttle effect on
the propeller efficlency. A changs 1n power coefficient from 0.40
to 1.00 at an advance~diameter ratio of 4 40 increased the ef Ticlency
by about 4C percent,

3. For conditions below the sgtall the thrust loading on the
outboard blade sections increaged more rapidly than on the inboard
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sections ae the power coefficient was increased or as the advance-

dismeter ratio was decreased. For condltions beyond the stall the

thrust loading decreased on the outboard sections and :anreased. on
the inboard sections. .
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Figure 2. - Aeroproducts H20C-162-X1IM2 propeller hlede. « o B=2
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H20C-162-X11M2 four~blade propeller installed in test
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Flgurs 4. - Top view of YP-47M alrplane in teat section of
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Flgure 15. - Effect of advance-diameter ratlc J on the blade
thrust loed distribution at power coefficient Cp of approx-
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Figure 2. - Aercoproducts H2CC-1£2-X1142 propeller blade.
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gure 14,—- Concluded, Effect of advance-diameter ratic J on
blade thrust load distribution at power coefficient Cp of
approximately 0,70 and free-stream Mach number M, of

approximately 0,50, Aeroproducts H20C-162-X11¥2 four-blade
propeller,
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Figure 16,~ Effect of advance~diameter ratio J on blade

thrust load distribution at power coefficient Cp of

approximately 1.00 and free-stream Mach number M, of

approximately 0.50. Aeroproducts H20C-162-X11M2 four—
blade propeller,
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